Immunohistochemical detection of peste des petits ruminants viral antigen in
The routine diagnosis of peste des petits ruminants (PPR) is based on clinical examination, gross pathology, histologic findings, and laboratory confirmation. 4, 10 The laboratory methods include virus isolation followed by specific identification (neutralization test, immunofluorescence) and differentiation from rinderpest (RP) virus, detection of viral antigens (agar gel immunodiffusion and immunocapture enzyme-linked immunosorbent assay [ELISA]), viral nucleic acid (nucleic acid hybridization), and recently polymerase chain reaction (PCR) detection. 3, 8, [11] [12] [13] Each test has its advantages and limitations. Tissue culture virus isolation from necropsy samples is a simple and safe procedure, but PPR virus (PPRV) is difficult to isolate from animals with clinical disease. Secondary infections are widespread following PPRV infection and may hinder the efficacy of virus isolation using tissue culture. Moreover, observation after 3 consecutive passages in tissue culture takes up to 3 weeks, and the necessary antiepidemic steps could be taken too late. The agar gel immunodiffusion method gives a positive result only with high concentration of viral antigens in the tissues, a rare situation because animals often die acutely from secondary infection. PCR was shown to be a sensitive method and is of particular value when the corresponding product of translation is detected in parallel. Moreover, detection of viral genetic material in animals does not mean that these animals can transmit the disease and has no epidemiologic significance, as known for some other viral infections. 4 Various modifications of dot-blot enzyme immunoassay and molecular hybridization techniques are disadvantageous because they are time consuming and require special training. 7, 9 In the present investigation, an immunochemical method with good reproducibility was utilized. The tissue sections were evaluated simultaneously using immunohistochemistry (IHC) and routine histologic methods, which allowed precise delineation of the viral antigen distribution.
Tissues from 6 sheep and 2 goats from 3 PPR outbreaks were examined. In all these cases, the initial diagnosis was based on clinical signs and gross pathology and was confirmed by 2 laboratory methods (immunodiffusion and reverse transcription PCR [RT-PCR]). All 8 animals were positive for PPRV RNA by RT-PCR. One goat and 1 sheep were negative by immunodiffusion. In all cases, virus isolation was negative. Sheep and goats with acute infection were necropsied within 1-4 hours after death. Tissues from healthy animals served as negative controls. The tissues were fixed (72 hours) in 10% neutral buffered formalin, embedded in paraffin, and sectioned at 4-5 m. Monoclonal antibodies (MAbs) to bovine viral diarrhea and border disease viruses (WB 160-PA 0241, WP 215-PA 0824, WS 363-PA 0825,) a and normal mouse serum were used instead of a MAb to the N protein of PPRV as negative controls. MAb (clone 38-4) against N protein PPRV (strain 75-3) and recombinant protein (coding sequence of the N protein gene of Nigeria 75-1 strain of PPRV) were constituents of the PPR competitive ELISA (c-ELISA) kit. b,5 This MAb produces a strong immunofluorescent signal to the N protein of all PPRV strains tested (but not to other morbilliviruses) and gives a differential diagnosis of PPR and rinderpest for field samples when used in an immunocapture ELISA. 4 For histopathologic study, the sections were routinely stained with hematoxylin and eosin (HE). Sections for IHC staining were mounted on poly-L-lysine-coated slides, c deparaffinized, and rehydrated by immersion in xylene followed by graded concentrations of ethanol and tap water.
Endogenous tissue peroxidase was inactivated by immersion of the sections in a solution of 0.3% H 2 O 2 at room temperature (RT) for 20 minutes. Sections were then rinsed in 0.01 M phosphate-buffered saline (PBS). Trypsin digestion was carried out with 0.1% trypsin in Tris buffer, pH 7.8 (10 mM), 0.1% CaCl 2 , and 0.1% NaCl for 30 minutes at 37 C followed by neutralization in 200 mM Tris (pH 7.5) and 10 mM glycine. Sections were then rinsed in PBS, preincubated in 5% rabbit serum and 5% goat serum in PBS-0.05% Tween 20 (PBST) for 30 minutes at RT, and rinsed again in PBS, and incubated with a 1:50 dilution of primary antibody (MAb to N protein of PPRV) overnight at 4 C. Sections were then washed 3 times in PBST for 5 minutes each and incubated with peroxidase-conjugate goat antimouse IgG d,e without using the avidin-biotin complex (ABC) method for 40 minutes at 37 C or with biotinylated goat anti-mouse IgG b with ABC for 40 minutes at 37 C. After rinsing in PBST, sections were incubated with streptavidin-horseradish peroxidase conjugate c for 15 minutes at RT and washed in PBS, then all sections were treated with 0.006% diaminobenzidine in 50 mM Tris containing 0.01% H 2 O 2 for 2 minutes at RT. The sections were then rinsed in distilled water, and the tissues were counterstained with Mayer's hematoxylin for 3 minutes, washed in tap water, dehydrated, and mounted.
In 1 animal marked autolysis of the small intestine was observed, yet positive IHC staining for viral antigen was obtained. The intensity of the reaction was relatively strong. Nevertheless, interpretation of the specificity was hampered by a lack of clear cellular structure. In general, staining in the cytoplasm tended to be diffuse and discretely globular. Syncytial cells were stained positively with diffuse, slightly granular staining of the cytoplasm. Stained PPRV antigen was present in the cytoplasm of epithelial intestinal crypts ( Fig.1A-C ) and within macrophages of mucosal lamina propria. Histopathologic examination of the affected areas of the lung revealed multifocal to diffuse bronchopneumonia with occasional syncytial giant cells, with some intracytoplasmic inclusions in the bronchial epithelium (Fig. 1E) . The inclusion bodies could also be seen in the epithelial cells of the intestinal crypts. Areas of lymphoid depletion with occasional multifocal areas of necrosis were evident the Peyer's patches, mesenteric lymph nodes, and spleen. IHC staining showed large concentrations of viral antigen, which corresponded to the areas of necrosis of the bronchial epithelial cells, some pneumocytes, and alveolar macrophages when the tissue sections were superimposed (Fig. 1D) .
The immunoperoxidase method for detection of experimentally induced PPR and distribution of PPRV antigens in different organs and tissues has been described. 2 Immunochemical techniques have been used for laboratory diagnostics and particularly for differentiation of PPRV and rinderpest virus. 1, 10, 11 Similar results were obtained using naturally infected tissues for determining the distribution of the virus antigens in the lymphoid and epithelial structures of different organs and tissues, including skin, lymph nodes, and brain. Accumulation of the antigen in different cell types as detected by IHC is characteristic for both natural and experimental infections. Replication of the PPRV, at least in the final stage of the disease, is characterized by a widespread distribution of viral antigen throughout all tested tissues and organs of the infected animal and is most likely associated with viremia. The spread of the virus and at least 2 other factors, the presence of N protein in all the investigated samples and its stability in the presence of secondary bacterial infections, will determine whether N protein is a reliable diagnostic marker of PPRV infection using the IHC technique.
At present, several different methods are used for diagnosis of PPRV infection, including the detection of viral proteins and viral nucleic acid sequences. However, in some cases data obtained are contradictory among 2 or more methods used. Often the main causes of this contradiction are the differences among tests (viral protein, viral nucleic acid, or virus replication in tissue culture). The use of 2 laboratory tests for detection of PPRV is recommended to obtain reliable results.
The IHC method described here is very simple, precise, informative, and reproducible and therefore is very suitable to serve as an additional tool for virus detection in combination with other laboratory procedures, such as PCR.
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